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TITLE OF THE INVENTION 

GAS TURBINE COMBUSTOR AND OPERATING METHOD THEREOF 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

The present invention relates to a gas turbine 
combustor and an operating method thereof. 

DESCRIPTION OF PRIOR ART 

The present invention specifically relates to a low 
10 NOx type gas turbine combustor which emits low levels of 
nitrogen oxides. The prior art has been disclosed in 
Japanese Application Patent Laid-Open Publication No. Hei 
05-172331. 

In a gas turbine combustor, since the turndown ratio 
15 from startup to the rated load condition is large, a 

diffusing combustion system which directly injects fuel 
into a combustion chamber has been widely employed so as 
to ensure combustion stability in a wide area. Also, a 
premixed combustion system has been made available. 
20 In said prior art technology, a diffusing combustion 

system has a problem of high level NOx. A premixed 
combustion system also has problems of combustion 
stability, such as flash back, and flame stabilization 
during the startup operation and partial loading operation. 
25 In actual operation, it is preferable to simultaneously 
solve those problems. 



- 2 - 



SUMMARY OF THE INVENTION 

The main purpose of the present invention is to provide 
a gas turbine combustor having low level NOx emission and 
5 good combustion stability and an operating method thereof. 

The present invention provides a gas turbine combustor 
having a combustion chamber into which fuel and air are 
supplied, wherein the fuel and the air are supplied into 
said combustion chamber as a plurality of coaxial jets. 
10 Further, a method of operating a gas turbine combustor 

according to the present invention is the method of 
operating a gas turbine combustor having a combustion 
chamber into which fuel and air are supplied, wherein the 
fuel and the air are supplied into said combustion chamber 
15 as a plurality of coaxial jets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram, for explanation, including a 
general cross-sectional view of a first embodiment 
2 0 according to the present invention. 

FIG. 2 is a sectional view, for explanation, of a 
diffusing combustion system. 

FIG. 3 is a sectional view, for explanation, of a 
premixed combustion system. 
25 FIG. 4(a) is a sectional view of a nozzle portion of 

a first embodiment according to the present invention. 
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FIG. 4(b) is a side view of FIG 4(a). 

FIG. 5(a) is a sectional view, for detailed explanation, 
of a nozzle portion of a second embodiment according to 
the present invention. 
5 FIG. 5(b) is a side view of FIG 5(a). 

FIG. 6(a) is a sectional view, for detailed explanation, 
of a nozzle portion of a third embodiment according to the 
present invention . 

FIG. 6(b) is a side view of FIG 6(a). 
10 FIG. 7(a) is a sectional view, for detailed explanation, 

of a nozzle portion of a fourth embodiment according to 
the present invention. 

FIG. 7(b) is a side view of FIG 7(a). 

FIG. 8(a) is a sectional view, for detailed explanation, 
15 of a nozzle portion of a fifth embodiment according to the 
present invention . 

FIG. 8(b) is a side view of FIG 8(a). 

FIG. 9(a) is a sectional view, for detailed explanation, 
of a nozzle portion of a sixth embodiment according to the 
20 present invention. 

FIG. 9(b) is a side view of FIG 9(a). 

FIG. 10 is a sectional view, for detailed explanation, 
of a nozzle portion of a seventh embodiment according to 
the present invention. 
25 FIG. 11 is a sectional view, for detailed explanation, 

of a nozzle portion of an eighth embodiment according to 



- 4 - 



the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First, two kinds of combustion systems for a gas 
5 turbine combustor will be described. 

(1) In a diffusing combustion system, as shown in FIG. 
2, fuel is injected outward in the vicinity of the outlet 
of an air swirler arranged at a combustor head portion so 
as to intersect with a swirling air flow, generating a 
10 circulating flow on the central axis, thereby stabilizing 
a diffusion flame. 

In FIG. 2, air 50 sent from a compressor 10 passes 
between an outer casing 2 and a combustor liner 3, and a 
portion of the air flows into a combustion chamber 1 as 
15 diluting air 32 which promotes mixture of cooling air 31 
and combustion gas in the combustor liner, and another 
portion of the air flows into the combustion chamber 1 
through the air swirler 12 as head portion swirling air 
49. Gaseous fuel 16 is injected outward from a diffusion 
20 fuel nozzle 13 into the combustion chamber 1 so as to 

intersect with the swirling air flow, and forms a stable 
diffusion flame 4 together with the head portion swirling 
air 49 and primary combustion air 33. Generated high- 
temperature combustion gas flows into a turbine 18, 
25 performs its work, and then is exhausted. 

The diffusing combustion system shown herein has high 
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combustion stability, while a flame is formed in a area 
in which fuel and oxygen reach the stoichiometry , causing 
the flame temperature to rise close to the adiabatic flame 
temperature. Since the rate of nitrogen oxide formation 
5 exponentially increases as the flame temperature rises , 
diffusing combustion generally emits high levels of 
nitrogen oxides, which is not desirable from the aspect 
of air-pollution control. 

(2) On the other hand, the premixed combustion system 

10 is used to lower the level of NOx. FIG. 3 shows an example 
wherein the central portion employs diffusing combustion 
having good combustion stability and the outer-periphery 
side employs premixed combustion having low NOx emission 
to lower the level of NOx. In FIG. 3, air 50 sent from a 

15 compressor 10 passes between an outer casing 2 and a 

combustor liner 3, and a portion of the air flows into a 
combustion chamber 1 as cooling air 31 for the combustor 
liner and combustion gas in the combustor liner, and 
another portion of the air flows into a premixing chamber 

20 23 as premixed combustion air 48 . Remaining air flows into 
the combustion chamber 1 , flowing through a passage between 
the premixing-chamber passage and the combustor end plate 
and then through a combustion air hole 14 and a cooling 
air hole 17. Gaseous fuel 16 for diffusing combustion is 

25 injected into the combustion chamber 1 through a diffusion 
fuel nozzle 13 to form a stable diffusion flame 4. 
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Premixing gaseous fuel 21 is injected into the annular 
premixing chamber 23 through a fuel nozzle 8, being mixed 
with air to become a premixed air fuel mixture 22. This 
premixed air fuel mixture 22 flows into the combustion 
5 chamber 1 to form a premixed flame 5. Generated high- 
temperature combustion gas is sent to a turbine 18 , 
performs its work, and then is exhausted. 

However, if such a premixed combustion system is 
employed, included instable factors peculiar to premixed 

10 combustion may cause a flame to enter the premixing chamber 
and burn the structure, or cause what is called a flash 
back phenomenon to occur. 

In an embodiment according to the present invention, 
a fuel jet passage and a combustion air flow passage are 

15 disposed on the same axis to form a coaxial jet in which 
the air flow envelops the fuel flow, and also disposed on 
the wall surface of the combustion chamber to form 
multihole coaxial jets being arranged such that a large 
number of coaxial jets can be dispersed. Further, this 

20 embodiment is arranged such that a part of or all of the 
coaxial jets can flow in with a proper swirling angle around 
the combustor axis. Furthermore, it is arranged such that 
the fuel supply system is partitioned into a plurality of 
sections so that fuel can be supplied to only a part of 

25 the system during the gas turbine startup operation and 
partial loading operation. 
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In the form of a coaxial jet in which the air flow 
envelopes the fuel, the fuel flows into the combustion 
chamber/ mixes with an ambient coaxial air flow to become 
a premixed air fuel mixture having a proper stoichiometric 
5 mixture ratio, and then comes in contact with a high- 
temperature gas and starts to burn. Accordingly, low NOx 
combustion equivalent to lean premixed combustion is 
possible. At this time, the section which corresponds to 
a premixing tube of a conventional premixing combustor is 

10 extremely short, and the fuel concentration becomes almost 
zero in the vicinity of the wall surface, which keeps the 
potential of burnout caused by flash back very low. 

Further, by providing an arrangement such that a part 
of or all of the coaxial jets flow in with a proper swirling 

15 angle around the combustor axis, in spite of the form of 
a coaxial jet flow, it is possible to simultaneously form 
a recirculating flow to stabilize the flame. 

Furthermore, it is possible to ensure the combustion 
stability by supplying fuel to only a part of the system 

20 during the gas turbine startup operation and partial 
loading operation thereby causing the fuel to become 
locally over-concentrated and burning the fuel in the 
mechanism similar to the diffusing combustion which 
utilizes oxygen in the ambient air. 

25 
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First Embodiment 

A first embodiment according to the present invention 
will be described hereunder with reference to FIG. 1. In 
FIG. 1, air 50 sent from a compressor 10 passes between 
5 an outer casing 2 and a combustor liner 3. A portion of 
the air 50 is flown into a combustion chamber 1 as cooling 
air 31 for the combustor liner 3. Further, remaining air 

50 is flown into the combustion chamber 1 as coaxial air 

51 from the interior of inner cylinder 2a through an air 
10 hole 52. 

Fuel nozzles 55 and 56 are disposed coaxially or almost 
coaxially with combustion air holes 52. Fuel 53 and fuel 
54 are injected into a combustion chamber 1 from fuel 
nozzles 55 and fuel nozzles 56 through supply paths 55a , 

15 56a as jets almost coaxial with the combustion air thereby 
forming a stable flame. Generated high-temperature 
combustion gas is sent to a turbine 18, performs its work, 
and then is exhausted. 

In this embodiment, with respect to fuel 53 and fuel 

20 54, a fuel supply system 80 having a control valve 80a is 
partitioned. That is, the fuel supply system 80 herein is 
partitioned into a first fuel supply system 54b and a second 
fuel supply system 53b. The first fuel supply system 54b 
and the second fuel supply system 53b have 

25 individually-controllable control valves 53a and 54a, 

respectively. The control valves 53a and 54a are arranged 
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such that each valve individually controls each fuel flow 
rate according to the gas turbine load. Herein, the 
control valve 53a can control the flow rate of a fuel nozzle 
group 56 in the central portion, and the control valve 54a 
5 can control the flow rate of a fuel nozzle group 55 which 
is a surrounding fuel nozzle group* This embodiment 
comprises a plurality of fuel nozzle groups: a fuel nozzle 
group in the central portion and a surrounding fuel nozzle 
group, fuel supply systems corresponding to respective 
10 fuel nozzle groups, and a control system which can 

individually control each fuel flow rate as mentioned 
above . 

Next, the nozzle portion will be described in detail 
with reference to FIGS .4(a) and 4(b). In this embodiment , 

15 the fuel nozzle body is divided into central fuel nozzles 
56 and surrounding fuel nozzles 55. On the forward side 
of the fuel nozzles 55 and 56 in the direction of injection, 
corresponding air holes 52 and 57 are provided. A 
plurality of air holes 52 and 57 both having a small diameter 

20 are provided on the disciform member 52a. A plurality of 
air holes 52 and 57 are provided so as to correspond to 
a plurality of fuel nozzles 55 and 56. 

Although the diameter of the air holes 52 and 57 is 
small, it is preferable to form the holes in such size that 

25 when fuel injected from the fuel nozzles 55 and 56 passes 
through the air holes 52 and 57, a fuel jet and an circular 
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flow of the air enveloping the fuel jet can be formed 
accompanying the ambient air. For example, it is 
preferable for the diameter to be a little larger than the 
diameter of the jet injected from the fuel nozzles 55 and 
5 56. 

The air holes 52 and 57 are disposed to form coaxial 
jets together with the fuel nozzles 55 and 56, and a large 
number of coaxial jets in which an annular air flow 
envelopes a fuel jet are injected from the end face of the 

10 air holes 52 and 57. That is, the fuel holes of the fuel 
nozzles 55 and 56 are disposed coaxially or almost 
coaxially with the air holes 52 and 57, and the fuel jet 
is injected in the vicinity of the center of the inlet of 
the air holes 52 and 57, thereby causing the fuel jet and 

15 the surrounding annular air flow to become a coaxial jet. 

Since fuel and air are arranged to form a large number 
of small diameter coaxial jets f the fuel and air can be 
mixed at a short distance. As a result, there is no mal 
distribution of fuel and high combustion efficiency can 

20 be maintained. 

Further, since the arrangement of this embodiment 
promotes a partial mixture of fuel before the fuel is 
injected from the end face of an air hole, it can be expected 
that the fuel and air can be mixed at a much shorter distance . 

25 Furthermore, by adjusting the length of the air hole 

passage, it is possible to set the conditions from almost 
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no mixture occurring in the passage to an almost complete 
premixed condition. 

Moreover, in this embodiment , a proper swirling angle 
is given to the central fuel nozzles 56 and the central 
5 air holes 57 to provide swirl around the combustion chamber 
axis. By providing a swirling angle to the corresponding 
air holes 57 so as to give a swirling component around the 
combustion chamber axis, the stable recirculation area by 
swirl is formed in the air fuel mixture flow including 

10 central fuel, thereby stabilizing the flame. 

Furthermore, this embodiment can be expected to be 
greatly effective for various load conditions for a gas 
turbine. Various load conditions for a gas turbine can be 
handled by adjusting a fuel flow rate using control valves 

15 53a and 54a shown in FIG. 1. 

That is, under the condition of a small gas turbine 
load, the fuel flow rate to the total air volume is small. 
In this case, by supplying central fuel 53 only, the fuel 
concentration level in the central area can be maintained 

20 to be higher than the level required for the stable flame 
being formed. Further, under the condition of a large gas 
turbine load, by supplying both central fuel 53 and 
surrounding fuel 54, lean low NOx combustion can be 
performed as a whole. Furthermore, under the condition of 

25 an intermediate load, operation similarly to diffusing 
combustion which uses ambient air for combustion is 
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possible by setting the equivalence ratio of the central 
fuel 53 volume to the air volume flown from the air holes 
57 at a value of over 1* 

Thus, according to various gas turbine loads, it is 
5 possible to contribute to the flame stabilization and low 
NOx combustion. 

As described above, by arranging a coaxial jet in which 
the air flow envelopes the fuel, the fuel flows into the 
combustion chamber, mixes with an ambient coaxial air flow 

10 to become a premixed air fuel mixture having a proper 
stoichiometric mixture ratio, and then comes in contact 
with a high-temperature gas and starts to burn. 
Accordingly, low NOx combustion equivalent to lean 
premixed combustion is possible. At this time, the section 

15 which corresponds to a premixing tube of a conventional 
premixing combustor is extremely short. 

Furthermore, the fuel concentration becomes almost 
zero in the vicinity of the wall surface, which keeps the 
potential of burnout caused by flash back very low. 

20 As described above, this embodiment can provide a gas 

turbine combustor having low level NOx emission and good 
combustion stability and an operating method thereof. 
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Second Embodiment 

FIGS. 5(a) and 5(b) show the detail of the nozzle 
portion of a second embodiment. In this embodiment, there 
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■ and a surrounding portion. Further, a 
ce „trai portion . ^ ^ ^ ^ ^ 

S " lrlln9 Tie c 1 Lon air noies. - — 
portion and the com 

i o structure to be sxmplxf xed. xn ^ 
al lows the nozzle structur ^ 

the combustion stability does not matter 

«r- i-he shape of the fuel, 
to operational reason or the shap 

Third Embodiment 

„ *.b. show a third embodxment. Thxs 
vtrs 6(a) and 6(b) snow 

r^nralitv of nozzles 
„• is arranged such that a plurality 

embodxment xs ^ ^ f orm 

of a second embodiment shown xn EIC ^ 
asing lecombustor. -at xs, pi ~ ^ 
consisting of fuel nozzles 

form a single combustor . arrang ement 
■ v^d in a first embodiment , such an arrang 
A s descrxbed xn a rxrs, lex ibly 
, Plurality of fuel systems so as to f lexxbly 
can provxde a pluralxty 

«, „f turbine loads and also can e 
cope with changes of turbx increas ing 
pr ovide different capacity per one combustor by 
, or decreasing the number of nozzles. 

Fourth Embodiment 

= fourth embodxment. Tnxs 
FIGS 7(a) and 7(b) show a fourth e 

Lxcally the same as a second embodiment, 
embodiment xs basxcally ^ ^ 

!5 however, the difference xs that sw 

giV en to a coaxial J* itself by an axr 
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This arrangement promotes mixture of each coaxial jet, 
which makes more uniform low NOx combustion possible. The 
structure of the fuel nozzle which gives a swirling 
component to a fuel jet can also promote mixture. 

5 

Fifth Embodiment 

FIGS. 8(a) and 8(b) show a fifth embodiment. The 

difference of this embodiment is that the nozzle mounted 

to the central axis of a third embodiment is replaced with 
10 a conventional diffusing burner 61 which comprises air 

swirlers 63 and fuel nozzle holes 62 which intersect with 

the swirlers , respectively. 

By using a conventional diffusing combustion burner 

for startup, increasing velocity, and partial loading in 
15 this arrangement, it is considered that this embodiment 

is advantageous when the starting stability is a major 

subject. 

Sixth Embodiment 

20 FIGS. 9(a) and 9(b) show a sixth embodiment. This 

embodiment has a liquid fuel nozzle 68 and a spray air nozzle 
69 in the diffusing burner 61 according to the embodiment 
shown in FIGS. 8(a) and 8(b) so that liquid fuel 66 can 
be atomized by spray air 65 thereby handling liquid fuel 

25 combustion. Although, from the aspect of low level NOx 
emission, not much can be expected from this embodiment, 



- 15 - 



10 



15 



thl8 embodiment provides a combustor that can flexibly 
operas depending on the fuel supply condition. 

Seventh Embodiment 

FIG . 10 snows a seventh embodiment. This embod-ent 
prov ides an auxiliary fuel supply system 71. a header 72 
and a no.le 7 3 on the downstream side of the co^u to 
in addition to a first embodi-ent shown in no. 1 and PICS 
4(a ,a„d«b>. F uel injected fro„ a no«le ,3 flows - 

74 a „a combustion reaction is promoted by a hrgh- 
te mperature gas flowing out of the upstream side 

^though such an arrangement ma.es the structure 
complicated, it is possible to provide a low HOx ccmbustor 

™ flexibly respond to the load, 
which can more f lexiDJ-y i- r 

Eighth Embodiment 

,IG. U shows an eighth embodiment. In this 
rf . ment each £u el nozzle of the embodiment shown rn 
embodiment, each structure d so that liquid 

Wim. 5(a) and5(b, is made double structur 
lu el 66 is supplied to an inner liguid-fuel no.zle and 
spray air 6 S is supplied to an outer no^le 81. Xhrs 
arrangement allows a large number of coaxial iets to be 
£or med when liguid fuel is used, thereby resign low 
5 „ox combustion where there is very little potentral 
flash back. 
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Furthermore, it can also function as a low NOx 
combustor for gaseous fuel by stopping the supply of liquid 
fuel and supplying gaseous fuel instead of spray air . Thus , 
it is capable of providing a combustor that can handle both 
5 liquid and gaseous fuel. 

As described above, by making a part of or all of the 
fuel nozzles double structured so that spraying of liquid 
fuel and gaseous fuel can be switched or combined, it is 
possible to handle both liquid and gaseous fuel. 

10 Thus, according to the above-mentioned embodiment, by 

arranging a large number of coaxial jets in which the air 
flow envelopes the fuel, the fuel flows into the combustion 
chamber, mixes with an ambient coaxial air flow to become 
a premixed air fuel mixture having a proper stoichiometric 

15 mixture ratio, and then comes in contact with a high- 
temperature gas and starts to burn. Accordingly, low NOx 
combustion equivalent to lean premixed combustion is 
possible. At this time, the section which corresponds to 
a premixing tube of a conventional premixing combustor is 

20 extremely short, and the fuel concentration becomes almost 
zero in the vicinity of the wall surface, which keeps the 
potential of burnout caused by flash back very low. 

This embodiment can provide a gas turbine combustor 
having low level NOx emission and good combustion stability 

25 and an operating method thereof. 



